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APPARATUS, AND ASSOCIATED METHOD,
FOR DYNAMICALLY CONFIGURING A PAGE
MESSAGE USED TO PAGE AN ACCESS
TERMINAL IN A RADIO COMMUNICATION
SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation application of
co-pending U.S. patent application Ser. No. 11/841,323, filed
on Aug. 20, 2007, which claims the priority of provisional
patent application No. 60/823,213, filed on Aug. 22, 2006.
These prior applications are hereby incorporated into the
present application by reference.

The present invention relates generally to a manner by
which to page an access terminal of a radio communication
system to alert the access terminal of a pending call, or other
communication. More particularly, the present invention
relates to apparatus, and an associated method, that provides
for dynamic configuration of a quick page message that is
broadcast upon a paging channel, such as a QPCH (quick
paging channel) defined in an exemplary cellular communi-
cation system. The page message is caused to be configured in
a manner dependent upon communication activity, such as
paging load. And, if the paging load changes, the configura-
tion of the quick page message is changed. An extended
channel information message is generated and sent by the
access network to inform an access terminal of the quick page
message configuration. The selected page message configu-
ration is selected in a manner best to minimize the occurrence
of false wakeup of the access terminal. Excessive battery
depletion, as a result of false wakeup of the access terminal, is
avoided.

BACKGROUND OF THE INVENTION

Advancements in communication technologies have per-
mitted the development and deployment of new types of
communication systems and communication services. Cellu-
lar telephony, and associated communication services avail-
able therethrough, are popularly utilized by many, typically
providing users with communication mobility and also pro-
vides the capability of communications when the use of wire-
line communication systems would not be practical or pos-
sible.

While early-generation, cellular communication systems
provided primarily for voice communications and only lim-
ited data communication services, newer-generation systems
increasingly provide for high-speed data communication ser-
vices at variable data communication rates. A CDMA2000,
cellular communication system that provides for EV-DO ser-
vices is an exemplary type of new-generation, cellular com-
munication system that provides for high-speed data services.
Operational details and protocols defining communications
and operational requirements of devices of the system are set
forth in an operating standard specification. Various aspects
of operation of the CDMA2000 EV-DO communication
scheme remain to be standardized and certain parts of the
existing standard specification are considered for amend-
ment. Various successor-generation communication schemes
are also undergoing standardization and yet others are envi-
sioned to be standardized.

For instance, a revision to the standard specification,
release B of the CDMA2000 EV-DO specification standard
that defines a quick paging channel (QPCH) available upon
which to broadcast access-terminal pages by an access net-
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work (AN) to an access terminal (AT). The QPCH was
adopted in industry contributions 3GPP2 (C20-20060323-
013R1 and 3GPP2 C20-20060323-003R1 and published in
3GPP2 document C.S0024-B V1.0. Generally, pages are
broadcast by the access network to an access terminal to alert
the access terminal of a pending communication. And by so
alerting the access terminal, the access terminal performs
actions to permit the effectuation of the communication. Page
indications broadcast upon the quick paging channel are
broadcast in a manner that facilitates reduced battery con-
sumption of the access terminal by reducing the battery con-
sumption of the battery of the access terminal. Increased
battery longevity is provided, reducing the rate at which a
battery of the access terminal must be recharged. The access
terminal is, as a result, able to be operated for a greater period
of time between rechargings or battery replacement. The
aforementioned promulgations provide for broadcast of a
message including page indications upon a physical logical
layer that is monitored by the access terminal. The access
terminal monitors the QPCH prior to monitoring the control
channel to receive regular, control channel MAC (medium
access control) messages such as page messages. A quick
page message is broadcast upon the QPCH that contains
quick page indicators. The quick page message includes a
number of quick page indicator slots populated with quick
page indicators.

During operation, a mobile station hashes to a quick page
indicator location, i.e., slot, within the quick page message
based upon a session seed, a 32-bit pseudorandom number. If
the quick page indicator of the quick page indicator slot to
which the access terminal hashes indicates that the access
terminal is not being paged, the access terminal enters into a
sleep state, a reduced-power state, in which the access termi-
nal does not remain powered at a level to receive the regular
control channel MAC messages. Power savings is particu-
larly significant in the event that the control channel MAC
messages are lengthy and span multiple control channel
frames or capsules.

In the existing scheme, however, the access terminal is
susceptible to the occurrence of a false wakeup, that is, the
access terminal does not enter into a sleep state but, rather, the
access terminal enters into an active state to monitor the
regular control channel for reception of regular control chan-
nel MAC messages even though there shall be no message for
the access terminal. Because the communication system is a
multi-user system, there is a possibility that another access
terminal that is being paged has its page indication hashed to
the same page indication slot. As the number of access termi-
nals that are paged in a system increases, the likelihood of
occurrence of a false wakeup correspondingly increases.

Various proposals have been set forth relating to genera-
tion, and use, of quick paging messages on a QPCH. The
1S-2000 QPCH and the EV-DO Release B Signaling QPCH
pertain to quick page messages broadcast on a QPCH. The
1S-2000 QPCH is permitting of configuration at either 9600
bps or 4800 bps and also provides for the number of QPCHs
to be configurable. The EV-DO release B signaling QPCH
permits the number of bits in the quick page message that are
dedicated to paging indicators or indications, Pls, to be
changed by way of a field in the message, a “quick page
indicator count minus one” field.

The QPCH message, as presently-proposed provides
thirty-five page indication locations, i.e., bits available to be
populated with paging indicators. A proposed “partial hash
comparison” scheme utilizes three of the thirty-five page
indication locations, thereby reducing the page indication
locations available for paging to thirty-two bits. While the
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proposed, partial hash comparison scheme reduces the false
wakeup probability when paging load is relatively low, when
the paging load increases, the reduction in the available page
indication locations actually increases the possibility of false
wakeup. An improvement to the existing proposal is needed
as the proposal is beneficial only when the paging load is
relatively low.

If a manner could be provided by which to reduce the
occurrence of false wakeups, improved battery longevity of
the access terminal would be possible.

It is in light of this background information related to
paging by an access network of an access terminal that the
significant improvements of the present invention have
evolved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a functional block diagram of a radio
communication system in which an embodiment of the
present invention is operable.

FIG. 2 illustrates a functional block diagram of the deter-
miner that forms part of the communication system shown in
FIG. 1.

FIGS. 3, 4,5, and 6 illustrate tables listing exemplary false
wakeup probabilities when thirty-two, thirty-three, thirty-
four, and thirty-five, respectively, page indication locations in
a quick page message are formed and used during operation
of the communication system shown in FIG. 1.

FIG. 7 illustrates a graphical representation of the relation-
ship between the probability of occurrence of a false wakeup
as a function of the number of pages in a multi-user commu-
nication system for various numbers of hashes.

FIG. 8 illustrates an exemplary quick page message gen-
erated pursuant to operation of an exemplary embodiment of
the present invention.

FIG. 9 illustrates an exemplary quick page message gen-
erated pursuant to operation of another exemplary embodi-
ment of the present invention.

FIG. 10 illustrates formation of an exemplary quick page
message pursuant to operation of another exemplary embodi-
ment of the present invention.

FIG. 11 illustrates a method flow diagram representative of
the method of operation of an embodiment of the present
invention.

DETAILED DESCRIPTION

The present invention, accordingly, advantageously pro-
vides apparatus, and an associated method, by which to facili-
tate paging of an access terminal of a radio communication
system to alert the access terminal of a pending call, or other
communication.

Through operation of an embodiment of the present inven-
tion, a manner is provided that dynamically configures a
quick page message, such as a quick page message generated
and sent upon a QPCH (Quick Paging Channel). The quick
page message configuration is dependent upon paging load or
other indicia of communication activity in the communica-
tion system. As the paging load changes, the quick page
message is reconfigured if a different configuration provides
for alessened probability of occurrence of false wakeup of an
access terminal that monitors the quick page channel.

Selection of the number of page indications per page is
made to minimize best the possibility of occurrence of a false
wakeup. By reducing the likelihood of occurrence of false
wakeup, excessive battery depletion that occurs as a result of
false wakeup is less likely to occur.
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In one aspect of the present invention, a quick page mes-
sage is configured dynamically, depending upon the paging
load, or other communication activity indicia, of the commu-
nication network. A selected number of available page indi-
cation locations of the quick page message that shall be popu-
lated with page indications is determined responsive to the
input indicia. When the quick page message is of a prescribed
number of page indication locations, such as thirty-five page
indication locations, the number of page indication locations
caused to be available to be populated with page indicators is
thirty-five or fewer. Depending upon the paging load, or other
input indicia, one or more of the page indication locations is
allocated for identifying the number of page indications per
page that are used in the quick page message. One or more
page indication locations is also, or alternately, used for pur-
poses of indicating whether a partial hash comparison or
variable page indications per page scheme is utilized in the
quick page message.

In another aspect of the present invention, the quick page
message configurer also selects the number of page indica-
tions per page that shall be utilized for purposes of paging an
access terminal. The number of page indications per page as
well as the number of page indication locations that are con-
figured to be made available for population with page indica-
tors is selected to minimize the possibility of false wakeup.

In another aspect of the present invention, upon configu-
ration of the quick page message, a signaling message gen-
erator generates a send message that includes an indication of
the configuration of the quick page message. The signaling
message identifies both the number of page indication loca-
tions of the quick page message and the number of page
indications per page that shall be contained in the quick page
message. And, if partial hash comparison is performed, the
send message formed by the signaling message generator
includes such an indication.

As the configuration is dynamic, reconfigurable when sys-
tem paging load, or other communication activity indicia,
changes, the quick page message is caused to be reconfigured,
as appropriate. And, a signaling message is generated that
identifies the reconfigured quick page message.

In another aspect of the present invention, hashing is per-
formed at both an access network and at an access terminal
using the same input number, such as a session seed defined in
the CDMA2000 EV-DO operating specification standard or
other pseudorandom number, or another input number, such
as an access terminal identifier (ATT). Hashing is performed
upon the input number in the same manner, independently, at
the access network and at the access terminal. Multiple
hashes are formed by hashing the input number in different
manners, e.g., such as by rotating the bit sequence of the input
number to create different hash values. The number of hash
values that are generated corresponds, or is otherwise respon-
sive to, the set number of page indications per page. Alter-
nately, different hash functions are used to create the different
hashes. Formation of the multiple hashes is sometimes
referred to herein as multi-hashing. Each hash function opera-
tion is carried out in the same manner at the access network
and at the access terminal so that the resultant hash values
generated at the respective entities are identical. For instance,
hashing is first performed at both the access network and at
the access terminal upon the input number in non-rotated
form. Then, the hashing is performed, again at both the access
network and at the access terminal, upon the input number
whose bits are rotated by a first number of bits. If additional
hashing is performed, the access network and the access
terminal both perform the hashing upon the input number,
whose bits are further rotated, again in the same manner at the
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access network and at the access terminal. Bit rotation also
decorrelates the hashed values.

In a further aspect of the present invention, the hashing is
performed upon the input number by operation of a hash
function, or algorithm, upon the input number. The hash
function, e.g., is time-varying or otherwise, in some manner,
generates hash values that are time-dependent. And, if mul-
tiple hash values are generated, viz. when the set number of
page indications per page is two or more, the hash values are
further caused to be dissimilar. That is to say, when multiple
hash values are generated, a later-generated hash value is
caused to be of a value different than any earlier-generated
hash value.

In another aspect of the present invention, the access net-
work identifies the number of hashes, and the corresponding
number of page indications per page, that are to be included in
a quick page message to page a particular access terminal. A
signaling message is generated that includes an indication of
the number of hashes or page indications per page that are
going to be broadcast by the access network to a particular
access terminal within a paging message. The access termi-
nal, from this signaling message, ascertains the number of
page indications that are going to be directed to the access
terminal in the quick page message. Responsive to this
received number, the access terminal performs hashing upon
an input number to form an appropriate number of hash
values, and such hash values are used pursuant to analysis of
the page message, when received, to identify where in the
page message to detect values of page indicators.

In another aspect of the present invention, the number of
hashes performed by the access network and, correspond-
ingly, the number of hashes performed at the access terminal,
is a selectable number, selected to minimize the likelihood of
occurrence of false wakeup. The number is selected, at least in
part, based upon the number of pages that are to be made to
other access terminals. And, more generally, the number of
hashes is responsive to communication activity in the com-
munication system. When many access terminals are paged,
the number of page indications, and hash values, per access
terminal is, e.g., a small value. And, conversely, when only a
small number of access terminals are to be paged, the number
of'page indications, and hash values, is, e.g., large. Generally,
the number of hash values and resultant page indications per
access terminal, populated into a page message for a particu-
lar access terminal, is inversely proportional to the commu-
nication activity, that is, the number of other pages that are
made to other access terminals during a particular period of
operation of the communication system. Ideally, the number
of page indications and hash values per access terminal is
chosen in a way to minimize the probability of false wakeup.

In another aspect of the present invention, the hash values
determine where in the page message that the page indica-
tions are populated. The hashing performed at the access
network and at the access terminal are carried out in the same
manners. The page indication locations of a page message in
which the page indication values are populated are the same
hash values that are generated at the access terminal, and the
access terminal detects and analyzes the corresponding page
indication locations of the page message, once received at the
access terminal.

In another aspect of the present invention, in the event that
any of the values of the page indications populating the page
indication locations corresponding to the hash values indicate
that the access terminal is not being paged, the access termi-
nal enters into a sleep state. For instance, if the access termi-
nal detects any page indication value to which the access
terminal hashes and determines the access terminal is not
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being paged, the access terminal enters into a sleep state.
Thereby, the access terminal is more quickly able to enter into
a power-saving, sleep mode. Conversely, if the access termi-
nal identifies a page indication value populating a page indi-
cation location that indicates that the access terminal is being
paged and the access terminal knows that multiple page indi-
cations are broadcast to the access terminal in the quick page
message, the access terminal monitors for the same page
indication value in another page indication location to which
the access terminal hashes. If the first positive indication is a
false indication, monitoring of a second, or other, page indi-
cation locations prior to determining finally that the access
terminal is being paged reduces the likelihood of occurrence
of false wakeup. Thereby, the access terminal does not enter
into an active state to receive a communication responsive to
a false wakeup indication. Improved power consumption
characteristics of the access terminal result, providing better
battery longevity.

In these and other aspects, therefore, apparatus, and an
associated method, is provided for an access network of a
communication network that selectably generates a first page
message on a first paging channel. A communication activity
input indicia identifier is configured to identity communica-
tion activity input indicia of the communication network. A
first page message configurer is adapted to receive indication
of identification by the communication activity input indicia
identifier of the communication activity input indicia. The
first page message is configured to cause configuration of the
first page message to include a selected number of available
page indication locations of the first page message for popu-
lation with page indications.

In these and further aspects, therefore, further apparatus,
and an associated method, is provided for an access terminal
that monitors a first paging channel for delivery of a first
paging message. A send message detector is configured to
detect a send message delivered separate from the first paging
message. The send message includes an indication of con-
figuration of the first paging message. A first paging message
content detector is configured to detect contents of the first
paging message in a manner responsive to the indication of
the configuration of the first paging message indicated in the
send message detected by the send message detector.

Referring first, therefore, to FIG. 1, a radio communication
system, shown generally at 10, provides for communications
with access terminals, of which the access terminal 12 is
exemplary. The communication system forms a multi-user
communication system that typically includes a large number
of access terminals and a plurality of concurrent communi-
cation dialogs. While only a single access terminal is shown
in FIG. 1, additional access terminals, analogous to the access
terminal 12, typically form a portion of the communication
system.

Communications are effectuated between an access termi-
nal and a radio network 14, formed of fixed network infra-
structure elements, such as a base transceiver station (BTS)
16 and a base station controller (BSC) 18. The access network
encompasses a geographical area within which communica-
tions with the access network are possible. That is to say,
when an access terminal is positioned within the area encom-
passed by the access network, the access terminal is generally
able to communicate with the access network, and the access
network is typically able to communicate with the access
terminal.

The communication system is operable in general confor-
mity with the operating protocols and parameters of an appro-
priate communication specification standard. The description
set forth herein is exemplary, and the teachings of various
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embodiments of the present invention are implementable in
any of various types of communication systems.

As previously mentioned, the access terminal is alerted, by
broadcast of page messages when a communication, initiated
at the network, is to be terminated at the access terminal. A
quick paging channel (QPCH), or analogous channel, is
defined. Quick page indications, populating a quick page
message, are of values that identify whether an access termi-
nal is being paged. However, also as noted previously, par-
ticularly during times of heavy usage, a false wakeup of the
access terminal might occur due to a quick page indication in
the message intended for one access terminal is broadcast
within a slot that is also used by another of the access termi-
nals. False wakeup prevents an access terminal from entering
into a power-saving sleep mode.

Accordingly, pursuant to an embodiment of the present
invention, the access network includes apparatus 24, and the
access terminal includes apparatus 26, that operate to reduce
the likelihood of the occurrence of false wakeup. The ele-
ments of the apparatus 24 and the apparatus 26 are function-
ally represented, implementable in any desired manner,
including, for instance, by algorithms executable by process-
ing circuitry.

The elements forming the apparatus 24 are implemented at
any appropriate location of the access network 14, including,
as illustrated, at the BTS 16 and BSC 18 or distributed
amongst such entities as well as others.

Here, the apparatus 24 includes a page message configu-
ration and page quantity per page determiner 32. The deter-
miner is coupled to receive, as input indicia, indications of
network activity on the line 34. The network activity is quan-
tified, for instance, in a number of page values. The network
is aware, e.g., of the number of access terminals that shall be
paged. Or, the number of page values comprises, e.g., an
expected number of pages, an average number of prior pages,
orother paging quantity indicia. The number is representative
of the paging load. The characteristics of the quick page
message, viz., the number of page indication locations of the
message are also made known to the determiner. Here, the
line 35 is representative of such information provided to the
determiner. In an exemplary implementation in which the
characteristics of the message are static, the number of page
indication locations, e.g., thirty-five page indication loca-
tions, is maintained at a storage element of the, or accessible
by, the determiner. Responsive to the indication of the net-
work activity, the determiner determines the configuration of
the quick page message and the number of hashes that are to
be generated, and the number of page indications per page,
that are to be provided pursuant to paging of an access termi-
nal in a quick paging message. As conditions, ¢.g., the paging
load, change, the page message is reconfigured, and, if appro-
priate, the number of page indications per page also is
changed.

In an alternate implementation, the number of hash values
is a set number, e.g., a fixed number greater than one. The
fixed number of two, e.g., appears to work well when the
number of page indication locations in a quick page message
is about one hundred eighty. The number of hash values and
number of page indications correspond.

An indication of the determined quantity of page indica-
tions per page is provided to a signaling message generator
and to a hash generator, a “hasher”, 38. A number known to
both the access network and to the access terminal, such as a
session seed or other pseudorandom number, or a number
such as an access terminal identifier (ATI) is also provided to
the hash generator 38, here represented by way of the line 42.
The hash generator hashes the number. That is to say, a hash
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function is performed upon the number to generate a hash
value. Different hash values are provided by, e.g., rotating the
number provided to the hash generator and performing the
hash function, or algorithm, thereon. Multiple hash values are
generated, for instance, by operating upon multiple rotations
of the number, the number of hash values determined by the
value provided to the hash generator on the line 44 by the
determiner 32. With an ideal hash function, all values are
equally likely to be generated. An exemplary hash function
comprises a mathematical “modulo” operation. A time factor,
known to both the access network and the access terminal,
such as a system clock time, is, in one embodiment, further
provided to, and used by, the hash generator in the formation
otf'hash values. Such factor is represented by line 43 in FIG. 1.

The signaling message generator 36 to which the value
determined by the determiner 32 is provided generates a
signaling message, here generated upon the line 45, that iden-
tifies the quantities and page message configuration deter-
mined by the determiner. The signaling message is broadcast
to the access terminal 12, thereby to alert the access terminal
of the determined quantities and configuration.

The hash values created by the hash generator 38 are pro-
vided to a page indication populator 48. The page indication
populator 48 is also provided with a network communication
request, here provided by way of the line 52. The page indi-
cation populator selects page indication values depending
upon whether the access terminal is to be paged. For instance,
when an access terminal is to be paged, the page indication
values are logical “1” values. In one implementation, all
values are initially logical “0” values and then set as appro-
priate. The page indication values and their associated page
indication locations, defined by the hash values generated by
the hash generator 38, are provided to a QPCH, or other,
message generator 54. The page message generator is also
provided with configuration information determined by the
determiner. The message generator forms a page message that
includes a plurality of page indication locations correspond-
ing in configuration to that selected by the determiner. The
page indication populator populates selected page indication
locations of the message with the page indication values. The
locations populated with a page indication value are deter-
mined by the hash values generated by the hash generator 38.
In like manner, page indications are formed for other access
terminals and hash values are generated to define at where in
the page message the page indications intended for other
access terminals are populated in the message generated by
the message generator 54. When the resultant message is
broadcast by the access network, access terminals, such as the
access terminal 12, are provided with an indication of
whether the access terminal is to be paged, and, if the page
message is configured pursuant to a partial hash comparison,
such information is also part of the message.

Transceiver elements of the base transceiver station 16
cause broadcast of the messages generated by the message
generators 36 and 54 of the apparatus 24 upon a radio air
interface, represented in FIG. 1 by the arrow 62. The mes-
sages are delivered to the access terminal 12 as well as other
access terminals within reception range of the broadcast mes-
sage. The access terminal 12 includes transceiver circuitry,
here represented by a receive part 64 and a transmit part 66.
The receive part 64 operates to receive signals sent thereto,
such as the messages generated by the apparatus 24 of the
access network. And, certain of the detected signals are pro-
vided to the apparatus 26. Of significance here are detections
of'the signaling message generated by the signaling message
generator 36 of the access network and of the page message
generated by the message generator 54.
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Indications are provided to a signaling message detector
and analyzer 68. The detector and analyzer operate to detect
the contents of the signaling message and analyze the
detected message to ascertain the page message configuration
and the number of page indications per access terminal indi-
cated in the message. Indications are provided, here by way of
the line 72, to a hash generator 74. The hash generator is also
provided with values of the input number, here indicated to be
provided by way of the line 76, known to both the access
network and access terminal. The time factor, known to both
the access network and access terminal is also provided to the
generator 74, here represented by way of line 77. The hash
generator operates in manners analogous to operation of the
hash generator 38 of the access network to perform hash
functions upon the input number. And, the input number
provided to the hash generator corresponds to the input num-
ber provided to the hash generator 38 on the line 42. The
number of hash values generated by the hash generator cor-
responds to the number identified by the detector and ana-
lyzer 68. If partial hash comparison is called for, the bits, i.e.,
page indication locations allocated thereto, are accordingly
utilized. Hash values created by the hash generator are pro-
vided to a QPCH (Quick Paging Channel), or other, page
message detector 82. The hash values created by the hash
generator identify to the page message detector which of the
page indication locations that should be monitored to deter-
mine whether a page is broadcast to the access terminal. The
message broadcast by the access network and detected and
operated upon by the access terminal is an atomic message.
That is to say, all of the bits are received in a single message.
Responsive to detections made by the detector, an indication
is provided to an access terminal (AT) state controller 84 to
control the state into which the access terminal is placed.

In the event that the first quick page indication slot moni-
tored by the message detector indicates no page message
broadcast to the access terminal, the state controller places the
access terminal into a sleep mode. If a first of the quick page
indication slots monitored by the detector indicates a page to
have been broadcast, but a second of the quick page indication
slots monitored by the detector indicates no page, the state
controller also causes the access terminal to enter into a
low-power, sleep mode. Additional page indications, if more
than two, are analogously monitored. The occurrence of a
false wakeup is reduced as one or more additional quick page
indications are monitored to provide further indication of
whether a page has been sent to the access terminal, and the
number of page indications per page is selected to minimize
the false wakeup occurrence.

FIG. 2 illustrates a representation of the page message
configuration and page quantity per page determiner 32 that
forms a part of the apparatus 24 of the access network shown
in FIG. 1. The determiner is here shown to include a commu-
nication activity input indicia indicator 88, a first page mes-
sage configurer 89, and a page indication count setter 90. The
elements of the determiner are functionally represented,
implementable in any desired manner, including by algo-
rithms executable by processing circuitry.

Again, lines 34 and 35 are representative of inputs identi-
fying network activity and quick page message characteris-
tics, respectively. The identifier 88 operates to detect the
values of the inputs provided thereto. The network activity
provided to the identifier provides an indication of the paging
load in the communication system. If the quick page message
characteristics, that is to say, the number of page indication
locations, or bits, of the quick page message are a prescribed
value, such as thirty-five, the value is maintained at the deter-
miner, and need not be repeatedly provided thereto.
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Indications of the input indicia identified by the identifier
are provided to a first page message configurer 89 and to a
page indication counter setter 90. The first page message
configurer operates to select a configuration of the first page
message, that is, the number of the available page indication
locations of the page message that shall be used to be popu-
lated with page indication values and how many, if any, of the
page indication locations shall be used for other purposes.
And, the page indication count setter operates to select the
number of page indications per page that shall be used to page
an access terminal in the resultant page message. Selections
made by the configurer and setter 89 and 90 are provided to
the signaling message generator, the hash generator, and the
QPCH message generator 54, as described above with respect
to FIG. 1. By way of example, the page message configuration
and the page indication count per page is dependent upon the
paging load. If the paging load is consistently heavy, e.g., the
paging load is consistently greater than fifteen pages per
quick paging message, configuration of the message is made
such that all of the page indication locations of the message
are used for population with page indication values. Alter-
nately, during a period of time in which the paging load varies
consistently between, e.g., ten to twenty pages per quick page
message, configuration of the quick paging is made such that
a single page indication location is used to indicate whether
there are one or two page indications per page. And, the
remaining paging indication locations are used for population
with page indication values. Alternately, if the paging load is
varying consistently between, e.g., ten and sixteen pages per
quick paging message, configuration of the quick paging
message is selected such that two page indications per page
are used and all of the page indication locations of the mes-
sage are used for population with page indication values.
Alternately, if the paging load is varying consistently
between, e.g., six and fifteen pages per message, configura-
tion of the message is selected such that a single bit is used to
indicate whether there are two or three page indications per
page, and the remaining page indication locations are used for
population with page indication values. Alternately, e.g., if
the paging load is varying consistently between six and
twenty pages per quick paging message, the quick paging
message is configured such that two bits are used to indicate
whether there are one, two, three, or four page indications per
page, and the remaining page indication locations are used for
population with page indication values. Alternately, if the
paging load is varying consistently between zero and nine
pages per quick paging message, configuration of the mes-
sage is selected such that one page indication location is used
to indicate whether partial hash comparison is to be per-
formed or whether variable page indications per page opera-
tion is used. When partial hash comparison is used, an addi-
tional two page indication locations are used to indicate
whether one, two, three, or four access terminals are being
paged. And, the remaining, e.g., thirty-two, page indication
locations are used to specify partial hashes. And, in the event
of'variable page indications per page, an additional two page
indication locations are used to indicate whether there are
one, two, three, or four page indications per page, and the
remaining page indication locations are used for population
with page indication values.

The signaling message generated by the generator 36 com-
prises, or includes, an extended channel information message
that includes, or is formed of, a four-bit field. In exemplary
operation, the CRC (Cyclic Redundancy Code) of the quick
paging message is scrambled by a signature that is broadcast
on an out-of-band configuration channel. The access terminal
that receives the message then receives full configuration
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information in the extended channel information when the NumberOfPages Definition
decoding of the CRC fails. In addition to allowing for various
configurations, the concept of partial hash comparison is
merged with the use of various page indications per page. For Value Meaning
the occurrence of one to five pages, the access network places 5
a portion of a hash of paged access terminals’ ATTs (Access o o
Terminal Identifiers) in the quick paging message. Access 00 L AT is being paged
terminals that detect a message, compare the values of the or 2 ATs are being paged
hashes of their respective ATTs to the partial bits in the quick 10’ 3 ATs are being paged
paging message. An access terminal monitors for a page only 10 a1 4 ATs are being paged
if any of the partial hashes match.
In another implementation, alternately, the calculations for
a plurality of possible combinations are pre-calculated and The RemainingBits field is set as follows if NumberOfPages
stored at a look-up table. The contents of the look-up table are : O -
. . 1s set to ‘00’:
accessed, and comparisons are made between different values 15
stored thereat, all to determine the number of page indications
per page that shall be included in the quick page channel . .
message. Field Bits
The signaling message, as above-noted, comprises, or is
formed of an Extended Channel Info Message. Its exemplary 20 32Comparison 32
format and exemplary value-definitions follow.
Extended Channel Info Message
32Comparison is set to the 32 bits associated with the AT
being paged that AT’ are to compare with to determine if they
Field Bits 25 are being paged.
[ . The RemainingBits field shall be set as follows if Number-
QPCHconfiguration 4 OfPages is set to ‘01°:
L. ’
QPCH Configuration Definition 30 Field Bits
16Comparisonl 16
16Comparison2 16
Value Meaning
<0000° Partial Hash Comparison and Variable PIs 35 . . .
per page included 16Comparisonl and 16Comparison? are set to the 16 bits
0001 Varia)ble PIs per page included (1-4 PIs per associated with the two ATs being paged that ATs are to
page . . .
010" Variable PTs per page included (1-2 PIs per compare with to determine if they are being paged.
page) . The RemainingBits field is set as follows if NumberOfPages
‘0011° ;/;a.;a)ble PIs per page included (2-3 PIs per 40 is set to “10°:
0100° Variable PIs per page included (3-4 PIs per
page)
0101° Only PlIs included (1 PI per page) Field Bits
0110’ Only PIs included (2 PIs per page)
‘0111° Only PIs included (3 PIs per page) 10Comparisonl 10
1000° Only PIs included (4 PIs per page) 45 10Comparison2 10
‘1001°to “1111° Reserved 10Comparison3 10
The followling ixemggl:ly strEcture 1 gsed for ‘B%%(SPCH 10Comparisonl, 10Comparison2, and 10Comparison3 are
message when the Q configuration 1s set to ’ 50 set to the 10 bits associated with the three STs being paged
that ATs are to compare with to determine if they are being
Field Bits paged.
- - The RemainingBits field is set as follows if NumberOfPages
PartialComparison 1 . 115,
RemainingBits 34 55 is setto 117
PartialComparison are set to ‘1’ if 1, 2, 3, or 4 ATs are being Field Bits
paged; otherwise PartialComparison are set to ‘0’. :
If Partial Comparison is set to ‘1’ the RemainingBits field is 8Comparisonl 8
foll K 0 8Comparison2 8
set as follows: 8Comparison3 8
8Comparisond 8
Field Bits
R 2 8Comparisonl, 8Comparison2, 8Comparison3, and 8Com-
CgIrEijisonaB%f: 12 65 parisond are set to the 8 bits associated with the four ATs

being paged that AT’ are to compare with to determine if they
are being paged.
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If Partial Comparison is set to ‘0°, the RemainingBits field is
set as follows:

Field Bits

PIsPerPage 2

PIs 32
PlsPerPage Definition

Value Meaning

‘00’ 1 PI per page

‘01’ 2 PIs per page

‘107 3 PIs per page

4 PIs per page

The PIs field contains the hashed paging indicators. For each
AT (access terminal) being paged, there are either 1, 2,3, or 4
Pls per page, depending upon the setting of PIsPerPage.

The following structure is used for the QPCH message when
the QPCHconfiguration is set to ‘0001”:

Field Bits

PIsPerPage 2

PIs 33
PlsPerPage Definition

Value Meaning

‘00’ 1 PI per page

‘01’ 2 PIs per page

‘107 3 PIs per page

4 PIs per page

The PIs field contains the hashed paging indicators. For each
AT being paged, there are either 1, 2, 3, or 4 Pls per page,
depending upon the setting of PIsPerPage.

The following structure is used for the QPCH message when
the QPCHconfiguration is set to ‘0010’:

Field Bits

10
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Field Bits

PIsPerPage 1

PIs 34
PlsPerPage Definition

Value Meaning

‘0’ 2 PI per page

‘1’ 3 PIs per page

The PIs field contains the hashed paging indicators. For each
AT being paged, there are either 2 or 3 Pls per page, depend-
ing upon the setting of PIsPerPage.

The following structure is used for the QPCH message when
the QPCHconfiguration is set to ‘0100’:

Field Bits

PIsPerPage 1

PIs 34
PlsPerPage Definition

Value Meaning

‘0’ 3 PIs per page

‘1’ 4 PlIs per page

The PIs field contains the hashed paging indicators. For each
AT being paged, there are either 3 or 4 Pls per page, depend-
ing upon the setting of PIsPerPage.

The following structure is used for the QPCH message when
the QPCHconfiguration is set to ‘0101°;

Field Bits

PIs 35

The PIs field contains the hashed paging indicators. For each
AT being paged, there is 1 PI per page.

The following structure is used for the QPCH message when
the QPCHconfiguration is set to ‘0110’:

30 Field Bits
PIsPerPage 1
PIs 34 PIs 35
PIsPerPage Definition The PI.s field contains the hashed paging indicators. For each
55 AT being paged, there are 2 Pls per page.
The following structure is used for the QPCH message when
Value Meaning the QPCHconfiguration is set to ‘0111”:
‘0’ 1 PI per page
v 2 Pls per page 60 Field Bits
PIs 35
The PIs field contains the hashed paging indicators. For each
AT being Iilaged, t herefa}r);: %lth;r 1 or 2 PIs per page, depend- The PIs field contains the hashed paging indicators. For each
Ing upon the setting of PlsPerPage. 65 AT being paged, there are 3 PIs per page.

The following structure is used for the QPCH message when
the QPCHconfiguration is set to ‘0011”:

The following structure is used for the QPCH message when
the QPCHconfiguration is set to “1000’:
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Field Bits

PIs 35

The PIs field contains the hashed paging indicators. For each
AT being paged, there are 4 Pls per page.

The format and value-definitions are exemplary. In other
implementations, the signaling message is formed and
defined in other manners.

Through operation of an embodiment of the present inven-
tion, false wakeup probability is reduced.

FIGS. 3,4, 5, and 6 illustrate tables that list exemplary false
wakeup probabilities when quick page messages of various
configurations, i.e., allocations of page indication locations,
are populated with page indication values. The table of FIG.
3 is representative of false wakeup probabilities when thirty-
two page indication locations are used. The table of FIG. 4 is
representative of false wakeup probabilities when thirty-three
page indication locations are used. And, FIGS. 5 and 6 are
representative of exemplary probabilities when thirty-four
and thirty-five PI locations are used. Highlighted portions
indicate the number of page indications per page that provide
the lowest false wakeup probabilities for various numbers of
pages.

FIG. 7 illustrates a graphical representation, shown gener-
ally at 102, that shows the relationship between the occur-
rence of false wakeup and the number of pages in the com-
munication system 10 shown in FIG. 1, pursuant to
exemplary operation. Plots 104 illustrate the general propor-
tional relationship between the number of pages to access
terminals in a multi-user communication scheme and the
occurrence of false wakeup, represented in terms of probabil-
ity. Four plots, plots 104-1, 104-2, 104-3, and 104-4, are
shown. The plot 104-1 is representative of the relationship
when a single page indication is provided to a particular
access terminal in a page message to alert the access terminal
of the page. A single hash value is generated, and the page
indication is populated in a single page indication location
determined by the single hash value. The plot 104-2 is repre-
sentative of two page indication bits provided in the page
message to alert a particular access terminal of the page. Two
hash values are generated, and the page indication locations
in which the page indications are positioned are determined
by the two hash values. The plot 104-3 is representative of use
of three page indications in a page message to alert a particu-
lar access terminal of the page. Three hash values are gener-
ated and their values are determinative of the positioning of
the three page indication locations in which the page indica-
tions are populated. And, the plot 104-4 is representative of
the relationship between false wakeup occurrence when four
page indications are used in a page message to page the access
terminal.

Review of the plots shows that the number of page indica-
tions in a page message that provides the lowest false wakeup
probability for a given number of pages in the communication
system, i.e., network activity, varies with the number of
pages. Pursuant to operation of an embodiment of the present
invention, advantage is taken of this relationship in the selec-
tion of the number of page indications to use per access
terminal. Such selection is made, e.g., by the determiner 32
shown in FIG. 1. Selection is made in such a way as to
minimize the false wakeup probability. For each number of
pages, i.e., network activity, selection is made of the number
of page indications that are to be used to page, in the quick
page message, an access terminal. Using, for instance, plots
analogous to the plots 104 shown in FIG. 7, the lowest curve
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for each of the number of pages, i.e., network activity, is
selected. Analysis indicates that, when a number of pages is
relatively small, the lowest probability of false wakeup occurs
when greater number of page indications per access terminal
are utilized.

Conversely, at higher numbers of pages, i.e., network activity,
lesser numbers of page indications provides the lowest false
wakeup probabilities. Changeover occurs at various thresh-
olds, indicated in the representation of FIG. 7 when plots
cross one another.

Once determination and selection is made at the access
network, indication of the selection is provided to an access
terminal. The number of page indications, known at both the
access network and at the access terminal, permits operation
of the apparatus 24 and 26 in coordinated manner. In the
exemplary implementation, the page indication values popu-
lating a quick page message are all received in the same
message. The access terminal need not wake up at different
times for separate bits as all of the bits of the message are
received at once in the same message. Furthermore, the same
page indicator values are hashed instead of, as previously
utilized, making divisions into multiple physical groups. And,
the page indication locations defined by the hash values are
further able to be generated in a manner such that the page
indication locations are dissimilar. Rotation of the input num-
ber used in the generation of the hash values decorrelates the
hash values, and the introduction of time variance in the hash
function also provides for hash value dissimilarity.

FIG. 8 illustrates part of an exemplary quick page message,
shown generally at 108. The message is generated, for
instance, with respect to the configuration shown in FIG. 1, at
the message generator 54. The quick page message includes a
plurality, here 33, page indication locations 112, numbered as
1-33. Initially, each page indication location is set to logical
“0” values. Page indications for four access terminals 12,
identified as AT1, AT2, AT3, and AT4, are represented in the
message 108. A hash generator generates hash values of 8 and
6 for the access terminal AT1. And, page indication locations
8 and 6 are populated with values to indicate whether the
access terminal AT1 is paged. Here, the logical values “1” are
inserted into the page indication locations 8 and 6 that identify
that the AT1 is paged. Analogously, with respect to the access
terminal AT2, the hash generator generates hash values of 7
and 21, and page indications are inserted into page indication
locations 7 and 21 to identify that the access terminal AT2 is
paged. Hash values 21 and 13 generated with respect to the
access terminal AT3 cause page indication locations 21 and
13 to be populated with page indication bits to identify, here,
that the access terminal AT3 is paged. And, hash values gen-
erated with respect to the access terminal AT4 of 25 and 3
cause the page indication locations 25 and 3 to be populated
with page indication bits, here again to identify that the access
terminal AT4 is paged. Inthis implementation, any of the page
indication locations of the message 108 are available to be
populated with page indication bits associated with any of the
access terminals. And, as indicated at the page indication
location 21, a page indication location might include a page
indication bit associated with more than one of the access
terminals. Ideally, the hash generator generates hash values
that permit even, viz. equal, distribution of page indication
values across the entire message 108. Each hash for a particu-
lar access terminal hashes over the same page indication
location in contrast to conventional procedures. And, through
use of the time factor, the occurrence of repeated generation
of hash values of similar values, and corresponding popula-
tion of the same page indication locations, for a particular
access terminal, is unlikely.
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FIG. 9 illustrates part of another message, here shown
generally at 116 that also includes thirty-three page indication
locations 112 that are populated with page indication values,
here again to page access terminals AT1, AT2, AT3, and AT4.
Here, the message is divided into two groups, a first group
118, and a second group 122. Initially, here also, each page
indication location is set to logical “0” values. In this imple-
mentation, only a single page indication location per group is
available for page indicator values associated with a particu-
lar access terminal. That is to say, with respect to the access
terminal AT1, a single page indication location in the first
group is available, and a single page indication location in the
second group is available. When a hash value generated by the
hash value generator is of a value within the first group,
another hash value must be of a value within the second
group. Ideally, the hash generator generates hash values that
permit even distribution of page indication values across each
group of the message. And, as shown in the representation of
FIG. 9, a page indication location is available to each of the
access terminals in the first group and in the second group.
The example shown in FIG. 9 is for an implementation in
which two page indication bits are available within the page
message per access terminal. [fadditional page indication bits
are available, the page message is divided into additional
numbers of groups of substantially equal size, and the page
indication locations are correspondingly made available in
each of the additional numbers of groups.

FIG. 10 illustrates a quick page message 126 and the man-
ner by which a hash generator operates pursuant to another
embodiment. Here, four page indication locations are made
available to the access terminal AT1 over the thirty-three bits
of the quick page message. And, again, each page indication
location is initially set to logical “0” values. When a hash
value is selected and the page indication location determined
therefrom is used, that page indication location is no longer
available to that access terminal at which to populate the
message with another page indication value. That is to say, a
hash value cannot be repeated for that access terminal. In the
representation shown in FIG. 10, a first page indication value
is populated in page indication location 10. Here also, ideally,
the hash generator generates hash values that permit even
distribution of page indications across all of the available
page indication locations. As noted below, when a page indi-
cation location is used, the location becomes no longer avail-
able. Page indication location 10 is no longer available for the
access terminal AT1. A next-generated hash value is of 11 and
a page indication bit is inserted into the page indication loca-
tion 11. Thereafter, neither page indication locations 10 nor
11 are available. A subsequently-generated hash value of 20
causes the page indication value to be inserted into page
indication location 20. And, thereafter, page indication loca-
tions 10, 11, and 20 are no longer available. A fourth-gener-
ated hash value of 5 is generated, and the page indication
location 5 is populated with a page indication value. In this
implementation, use ofa time factor is generally not required.

FIG. 11 shows a method flow diagram, shown generally at
132, representative of exemplary operation of an embodiment
of the present invention for selecting, at a communication
network, a page indication count of page indications per page
to be included in a first page message.

First, and as indicated by the block 134, communication
activity input indicia of the communication network is iden-
tified. Then, and as indicated by the block 136, the configu-
ration of the first page message is caused to include a selected
number of page indication locations of the first page message
for population with page indications.
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Thereby, through operation of an embodiment of the
present invention, an access terminal is able better, and
quickly, to determine whether a page is broadcast thereto. If a
quick page message, page indication location to which the
access terminal hashes fails to include an indication that the
access terminal is being paged, the access terminal enters into
areduced power state. The occurrence of false wakeup is less
likely to occur due to the selection of page indications per
page that minimizes the occurrence of false wakeup of an
access terminal.

The previous descriptions are of preferred examples for
implementing the invention, and the scope of the invention
should not necessarily be limited by this description. The
scope of the present invention is defined by the following
claims.

What is claimed is:
1. A method in an access network apparatus, said method
comprising:
selecting a format for a page message, the format selected
from a plurality of page message formats that utilize
page indications and that include at least a first format
having a first number of one-bit page indicators per
access terminal page and a second format having a dif-
ferent, second number of one-bit page indicators per
access terminal page;
generating a signaling message that includes a configura-
tion field set to a configuration value to indicate which
format for the page message was selected, the configu-
ration value being one of a first value to indicate the first
format for the page message and a second value to indi-
cate the second format for the page message;

transmitting the signaling message over a configuration
channel that is different from a paging channel;

generating the page message according to the selected
format; and

transmitting the page message over a paging channel.

2. The method of claim 1, wherein the page message
includes page indicator locations having page indicators, said
page indicator locations locatable using hash values, said
page indicators at said page indicator locations being indica-
tive of an access terminal page.

3. The method of claim 2, wherein said hash values are
based at least in part upon the configuration value.

4. The method of claim 1, wherein the first format is used
for a page message having two page indicators per access
terminal page, and the second format is used for a page
message having three page indicators per access terminal
page.

5. The method of claim 1, wherein the signaling message is
comprised of an extended channel information message.

6. The method of claim 1, wherein a portion of page mes-
sage is scrambled by a signature that is transmitted over the
configuration channel.

7. A method in an access network apparatus, said method
comprising:

selecting a format for a page message, the format selected

from a plurality of page message formats that utilize
page indications and that include at least a first format
having a first number of one-bit page indicators per
access terminal page and a second for mat having a
different, second number of one-bit page indicators per
access terminal page;

generating a signaling message that includes a configura-

tion field set to a configuration value to indicate which
format for the page message was selected, the configu-
ration value being one of a first value to indicate the first
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format for the page message and a second value to indi-
cate the second format for the page message;

thereafter, subsequent to access-terminal reception of the
signaling message:

transmitting the signaling message over a configuration

channel that is different from a paging channel;
generating the page message according to the selected
format; and

transmitting the page message over a paging channel.

8. The method of claim 7, wherein the page message
includes page indicator locations having page indicators, said
page indicator locations locatable using hash values, said
page indicators at said page indicator locations being indica-
tive of an access terminal page.

9. The method of claim 8, wherein said hash values are
based at least in part upon the configuration value.

10. The method of claim 7, wherein the first format is used
for a page message having two page indicators per access
terminal page, and the second format is used for a page
message having three page indicators per access terminal
page.

11. The method of claim 7, wherein the signaling message
is comprised of an extended channel information message.

12. The method of claim 7, wherein a portion of page
message is scrambled by a signature that is transmitted over
the configuration channel.

13. The method of claim 7 wherein the signaling message
generated during said generating the signaling message com-
prises a multiple-bit field forming the configuration field.
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14. A method in an access network apparatus, said method
comprising:

selecting a format for a page message, the format selected
from a plurality of page message formats that utilize
page indications and that include at least a first format
having a first number of one-bit page indicators per
access terminal page and a second for mat having a
different, second number of one-bit page indicators per
access terminal page;

generating a signaling message that includes a configura-
tion field set to a configuration value to indicate which
format for the page message was selected, the configu-
ration value being one of a first value to indicate the first
format for the page message and a second value to indi-
cate the second format for the page message;

transmitting the signaling message over a configuration
channel that is different from a paging channel;

generating the page message according to the selected
format; and

transmitting the page message over a paging channel, such
that, once received, the page message is operated uponto
determine access-terminal paging through detection of
page indication values of page indication location of the
page message, known based upon the configuration
value.



